The potential interaction between grain (starch) and protein sources with varying ruminal degradation rates on N utilization in growing lambs was evaluated. Three grain sources with varying ruminal degradation rates, (barley > steam-flaked sorghum [SFSG] > dry-rolled sorghum WRSG]) and three protein sources (urea > a 50:25:25 mixture of urea: blood meal:corn gluten meal [N basis, U/BC] > 5050 mixture of blood meal:corn gluten meal basis, BC]), were evaluated in a 3 x 3 factorial arrangement. Supplemental protein sources provided 33% of dietary N (CP = 11.0%). For each grain-protein combination, a 3 x 3 Latin square metabolism trial was conducted using two sets of three lambs and three periods. Within-square treatments were 1.4, 1.7 and 2.0 times maintenance intake levels.
1985b; Rooney and F'flugfelder, 1986; Theurer, 1986 ). Utilization of carbohydrates and N by rumen microorganisms can vary among grains (Kay et al., 1972; Theurer, 1984; Spicer et al., 1986) and is altered by grain processing (Hale et al., 1966; Potter et al., 1971; Brethour, 1984; Rahnema et al., 1987% Xiong et al., 1990 .
A protein source that escapes ruminal degradation and that complements the amino acid profile of microbial protein should increase animal performance or decrease the amount of protein required for production (Owens and Bergen, 1983) . These protein sources must, however, provide a minimal level of ammonia for the rumen microbes to prevent inefficient utilization of other dietary nutrients (Klopfenstein et al., 1982) . Efficient microbial protein synthesis from rapidly degraded protein sources is thought to require 339 a rapidly degraded energy source (Steinhour and Clark, 1982) . Although there are energy losses (heat increment, methane, etc.) during ruminal fermentation, high starch degradation in the rumen produces the maximal total tract digestion and animal gain (Spicer et al., 1986; Theurer, 1986) . The objective of this experiment was to evaluate protein and grain sources with various ruminal degradation rates and their potential interaction on N utilization in lambs.
Experimental Procedures
One hundred thirty Rambouillet-cross wether lambs (average = 30.1 kg) were dewormed and fed a preliminary diet for 1 wk. Lambs then were stratified by weight and assigned randomly to nine pens (14 or 15 lambs/pen). Nine dietary treatments (three grain sources and three protein sources in a 3 x 3 factorial arrangement) were assigned randomly to pens. The three grain sources, barley, steam-flaked sorghum (SFSG) and dry-rolled sorghum (DRSG), were selected to represent rapid, medium and slow ruminal starch degradation rates, respectively (Theurer, 1986) . The SFSG and DRSG used in the experiment came from the same sorghum source. Steam-flaked sorghum was conditioned at 96°C for 40 min and processed to 360 gfliter (28 lbbu).
The three protein sources, urea, a 50:25:25 mixture (N basis) of urea, blood meal and corn gluten meal (U/BC) and a 5050 (N basis) mixture of blood mealhorn gluten meal (BC). were selected to represent rapid, medium and slow ruminal protein degradation rates, respectively. Estimated ruminal degradation of these supplemental protein sources were 100, 65 and 30%, respectively (Preston, 1988) . A chick study (Eck et al., 1986) showed that a 5050 mixture of blood meal and corn gluten meal in a corn-based diet produced performance comparable to that of soybean meal and superior to that resulting from other ratios of these protein sources.
Experimental diets (Table 1) contained 11.0% CP and were balanced to meet or exceed other nutritional requirements (NRC, 1985a) . Diets were prepared for each lamb set and stored until fed. Protein sources replaced corn starch to provide 33% of the dietary CP. The preliminary diet (13% CP) was similar to the experimental diets except that the protein source was soybean meal and the diet contained an antibacterial feed additive6.
Lambs were adjusted to their experimental diets over 15 d. Two sets of three lambs/ treatment (one set with above average initial weight and one below average; n = 54) then were selected fur use in metabolism trials. Two 3 x 3 Latin square metabolism trials (one for each set) were conducted to evaluate each of the nine grain-protein combinations and the effects of feed intake level. Within-square treatments were three feed intake levels (1.4, 1.7 and 2.0 times maintenance). Lambs were placed in metabolism stalls in a temperaturecontrolled mom (18 to 22'C) with free access to water. Periods lasted 10 d, 5 d for adaptation to intake level and 5 d for collection. Period intake levels were determined from lamb weight at the start of each period; lambs also were weighed at the end of the metabolism trial. Lambs were fed once daily. Orts were weighed and sampled daily. Lambs not selected for metabolism trials were fed their respective diets for the duration of the metabolism trials and voluntary intake was determined.
Urine was collected into vessels containing 200 ml of 1.2 N HC1. Daily urine volume was recorded and a 10% subsample was removed. If daily urine volume was less than 1,OOO ml (urine plus HCl), the subsample was diluted to 100 ml with distilled water to decrease precipitation of solids during storage at 4°C. Feces were collected daily and a 20% (w/w) subsample was removed and stored in plastic bags at 4°C. Urine and fecal subsamples were composited over period. Approximately 400 g of the fecal composite was dried at 50°C and ground to pass through a 1-mm screen for chemical analysis. Diet samples were collected during each period. Nitrogen concentration was determined (Kjeldahl procedure; AOAC, 1980) in feeds, orts, feces and urine. Urinary allantoin N was determined as described by Young and Conway (1942) . The effects of grain source, protein source, intake level and their interactions on N utilization were evaluated using the GLM procedure of SAS (1985 
Results and Discusslon
The effects of individual dietary treatments on DMI, DM digestibility (DMD), N intake (NI), apparent N digestibility (AND), N absorbed (NA), N balance (NBAL), N utilization efficiency (NBAL/NI and NBAL/NA) and urinary allantoin N excretion are shown in Table 2 . Lambs gained an average of 88 gld during metabolism trials. Differences in DMI among protein treatments was primarily a function of weight differences among lambs selected; therefore, treatment comparisons for feed intake are not meaningful. The intake xgrain x protein interaction was not significant (P > .2) for any measured variable. As observed in previous research (Matras et al., 1990) , no interactions were found (P > .2) for measured variables between intake level and protein source. Grain source did not (P > . 2) interact with intake level. The general lack of interactions with intake level indicate that the effects of ruminal degradation rates on these factors were independent of feed intake level. There were, however, interactions between protein and grain sources for DMD (P = .09), NA ( P < .05), AND (P = .16), NBAL (P < .05) NBAL/NI (P = .08), NBAL/NA (P < .OS) and urinary allantoin N (P < .01). 
MATRAS ET AL.
A Partitioning the grain x protein source interaction indicated that the "barley vs sorghum, protein quadratic" term caused the interaction (P = .08) in DMD. D r y matter digestibility was somewhat greater (Table 2) for the sorghum diets when U/BC was fed vs urea or BC sources. The opposite was observed for the barley diets which had the lowest DMD when U/BC was the supplement a l protein source. The AND interaction, shown in Figure 1, , 1980; Lindberg et al., 1989) , also is shown in Figure 1 . In contrast to the other variables, the interaction was not caused primariIy by one component. The "bariey vs sorghum, protein quadratic" and both "SFSG Table 2 .
gluten meal. Standard mors are given in Table 2 .
and protein sources for microbial protein synthesis suggests that ammonia release may have been too slow for the slowly fermented grains (sorghums) or too fast for the rapidly fermented grain (barley). The interactions of grain and protein sources for NA and NBAL (barley vs sorghum x protein linear, P < .05) are illustrated in Figure 2 . Nitrogen absorbed was a direct reflection of AND, NA for barley tended to decrease as ruminal protein degradation decreased, but there was little change for the sorghum diets. Greater quantities of N absorbed, however, did not translate directly into increased N retention. Nitrogen retention in lambs fed sorghum diets increased as ruminal protein degradation decreased; N retention decreased, however, in lambs fed the barley diet as protein degradation decreased, primarily due to the barley-BC value. When urea was the supplemental protein source, NBAL ranking of grain sources was barley > SFSG > DRSG (Figure 2 ). This order was reversed when BC was the protein source. Lambs fed sorghum diets performed best when supplemented with protein sources containing BC.
Feeding barley with the rapid or medium nuninally degraded protein sources (urea or U/ BC) tended to result in superior NBAL compared to feeding barley with the slowly degraded protein source (BC). In contrast, Casper and Schingoethe (1989) did not observe an increase in milk production by substituting 2.8 CP percentage units of urea for soybean meal in diets containing corn, barley or dried whey (rapidly fermented starch source). The proportion of dietary CP supplied by the supplemental protein sources in their trial, however, was about 50% of the level in this experiment. Herrera-Saldana and Huber (1989) reported that barleycottonseed meal diets resulted in greater milk production than diets composed of barley and brewers' dried grains (protein degradation was greater for the cottonseed meal than for brewers' dried grains).
The "barley vs sorghum x protein linear" term also caused an interaction observed for N utilization efficiency (Figure 3 , P < .1).
Nitrogen utilization (NBAL/NA) increased curvilinearly as theoretical ruminal protein degradation decreased. Nitrogen utilization efficiency for all grain sources increased numerically when 50% BC was substituted for urea. For the sorghum diets, there was a slight increase in efficiency when 100% BC was fed. For the barley diets, however, N utilization efficiency decreased when 100% of the supplemental N was provided by BC. Steam-flaked sorghum resulted in lower NA but NBAL similar to that of barley and DRSG. Nitrogen utilization efficiency, therefore, was much greater for SFSG than for the other grain sources when expressed as a proportion of NA.
Nitrogen utilization as a proportion of NI followed a pattern similar to that of NBAL/ NA, although the differences among grain sources were smaller. Main effects of grain and protein sources and intake level are of interest in addition to the interactive relationships. These main effects are discussed overlooking all interactions. The effects of grain source on diet digestibility, N utilization and allantoin N excretion are shown in Table 3 . Barley and sorghum diets differed in corn starch content, 20 to 24% and 5 to 8%, respectively. The ruminal degradation rate of corn starch probably was relatively rapid and similar to that of barley starch. Therefore, the greater corn starch content of the barley diets should not have influenced the results.
Dry matter and N digestibilities of barley diets were greater than those of sorghum diets, 68.1 vs 66.2% (P = .06) and 55.6 vs 47.8% (P < .001), respectively. Barley's greater digestibility (DM and N) is in agreement with published reports (Spicer et al., 1986; Theurer, 1986; Herrera-Saldana et al., 1990) . Dry rolling of sorghum resulted in greater DMD (P flable 3); this result is in contrast to results in cattle (Hale et al., 1966; Theurer, 1986) . Other reports on the effects of s t e m processing are inconclusive; Buchanan-Smith et al. (1968) reported no difference between DRSG and SFSG in DMD in cattle and sheep but found that steam-flaking decreased N digestibility in sheep. Rahnema et al. (1987a) reported lower organic matter digestibility but no change in protein digestibility in steers. In an in vitro study, Xiong et al. (1990) found greater starch availability but less protein degradation in SFSG than in DRSG. The benefits from grain processing are fewer in sheep than in cattle, due, in part, to the more thorough chewing habits of sheep (Keating et al., 1965; Hale, 1973) .
Lambs fed barley diets had greater (P < .OOl> AND (55.6 vs 47.8%, respectively) and allantoin N excretion (500 vs 374 mdd, respectively) than lambs fed sorghum. HerreraSaldana et al. (1990) reported that microbial N/ kg of truly digested OM was greater for barley diets than for sorghum diets in dairy cows. More N was absorbed by lambs fed barley < .05) and AND (P < .001) than stm-flaking %east squares means; n = 152; averaged across grain sources and intake level. bSee Table 1 for treatment abbreviations.
'Protein sources (ruminal degradability) assumed equally spaced, decreasing m e n degradability.
diets than by lambs fed sorghum diets (8.8 vs 7.6 g/d, respectively, P < .001) and for DRSG diets than for SFSG diets ( (1987) , who found no differences in N utilization among urea, soybean meal and corn gluten meal in diets (CP = 10.5 and 12%) based on corn, corn silage and grass hay fed to lambs at nearmaintenance energy levels.
Dry matter digestibility and AND decreased and allantoin N excretion, NA and NBAL increased as intake level increased ( Table 5) . The decrease in DMD and the increase in allantoin N excretion and NBAL reflected the greater feed available to the lambs. The change in AND was relatively small (48.9 to 51.3%).
heston (1972) and Rahnema et al. (1987b) also reported little influence of intake level on AND. Urinary N output was similar for intake levels. Because NA increased and N excreted was constant, N utilization efficiency increased as intake level increased. The rate was not constant (linear, P < .001; quadratic, P < .1).
There was a much larger improvement in efficiency from 1.4 to 1.7 times maintenance than from 1.7 to 2.0 times maintenance, similar to the intake level response observed in previous research (Matras et al., 1990) .
Voluntary intake, measured in the pen-fed lambs was 1.33, 1.40, 1.48, 1.65, 1.48, 1.69, 1.62, 1.52 and 1.66 kg/d for the barley-urea, barley-U/BC, barley-B C, DRSG-urea, DRSG-U/BC, DRSG-BC, SFSG-urea, SFSG-U/BC and SFSG-BC diets, respectively. Intake was numerically greater for the sorghum diets than for the barley diets.
lmpllcatlons
These results indicate an advantage in N retention by lambs from the selection of grain (starch) and protein sources with similar ruminal degradation rates or from the utilization of protein sources containing both rapidly and slowly degraded components. Lambs fed barley (rapidly degraded starch source) diets tended to perform best (greatest N balance and N utilization efficiency) when urea was the supplemental protein source, but sorghumblood mealcom gluten meal diets also were an efficient combination.
